ABSTRACT The effect of vaccinia virus early transcripts on cellular (globin, HeLa, Chinese hamster ovary) and viral (vaccinia, encephalomyocarditis) mRNA function was studied in reticulocyte and wheat germ cell-free protein-synthesizing systems. Vaccinia virus transcripts of two size classes (8-10 S and 4-7 S), generated in vitro by viral cores, inhibited function ofcellular and encephalomyocarditis virus mRNA but not that of vaccinia virus in reticulocyte lysate systems. Mild alkaline hydrolysis or micrococcal nuclease treatment of vaccinia virus in vitro transcripts resulted in a loss of their ability to inhibit protein synthesis directed by HeLa cell RNA. Vaccinia virus in vitro transcripts also selectively inhibited HeLa cell protein synthesis in wheat germ systems, suggesting that double-stranded RNA is not involved in this inhibition of protein synthesis. The addition, to the reticulocyte translating system, of cytoplasmic ENA obtained from infected cells in conjunction with cellular mRNA (globin, HeLa) resulted in the inhibition of synthesis ofthe globin or HeLa polypeptides with little or no effect on the translation of the vaccinia virus proteins. RNA extracted from vaccinia virions inhibited cellular but not vaccinia virus mRNA function when added to the reticulocyte lysate systems with uninfected or infected HeLa cell cytoplasmic RNA.
80 ,ug of calf liver tRNA per ml; 100 mM KOAc; and 1 mM Mg(OAc)2. They were incubated up to 60 min at 32°C. Wheat germ extracts were prepared according to Both et aL (23) . Assays for amino acid incorporation directed by exogenous mRNAs were performed in 25-/4 reaction mixtures [56% (vol/vol) 1 mM Mg(OAc)2; and 2 mM dithiothreitol. Incubation was up to 60 min at 32°C. Amino acid incorporation for both systems was measured by the method of Mans and Novelli (24) .
Preparation of Cytoplasmic RNA or mRNA. Cytoplasmic RNA from uninfected cells and cells infected with 300 particles per cell (2.5 hr) was extracted according to the method of Krvstosek et aL (25) .
Globin mRNA was prepared by sedimenting polysomes from rabbit reticulocyte lysates through a cushion of 20% sucrose in 50 mM Tris-HCI, pH 7.5/60 mM KCI/5 mM Mg(OAc)2/1 mM dithiothreitol (100,000 x g, 3 hr) and extracting the RNA with phenol, phenol/chloroform, and chloroform/isoamyl alcohol, 24:1 (vol/vol), as described for the cytoplasmic extracts.
EMCV RNA was purified according to Kerr and Martin (26) . In Vitro Synthesized Vaccinia Virus RNA. Purified WR strain ofvaccinia virus (0.5-1 X 1012 particles) was used to generate in vitro transcripts according to Venkatesan and Moss (27) with the addition of 25 mM creatine phosphate and 400 ,g of creatine phosphokinase per ml. After 30 min at 37°C, the cores were sedimented and the supernatant was adjusted to 0.5% NaDodSO4/10 mM EDTA and incubated at 37°C for 5 min. The RNA was extracted at 56°C for 5 min with equal volumes of phenol alone (saturated with 0.5% NaDodSO4/10 mM EDTA) or phenol/chloroform, 1:1, and chloroform/isoamyl alcohol, 24:1. The aqueous phase was then precipitated twice with 2.5 vol of ethanol (-20°C) after adjustment to 200 mM in KOAc (pH 5.0). The RNA pellets were collected by centrifugation (10,000 x g, 15 min, 4°C) and dissolved in 10 mM Hepes, pH 7.4/1 mM EDTA before passage through Sephadex G-50 in the same buffer to eliminate free nucleotides. 
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rus-directed RNA (13, 14, (16) (17) (18) . This experiment was designed to test, in vitro, whether viral RNA synthesized from purified cores is involved in this shut-off of protein synthesis.
A sample of vaccinia virus transcripts from a 30-min in vitro transcription reaction was analyzed by centrifugation on a 5-20% sucrose density gradient, and the resultant 4S to LOS peak was divided into fractions sedimenting at approximately 8-10 S (I) and 4-7 S (II). Unfractionated (T) and fractionated (I, II) RNAs were added to a reticulocyte lysate system programmed with globin, HeLa, Chinese hamster ovary, or vaccinia virus (cytoplasmic extract of infected Chinese hamster ovary) RNAs. At the concentration used (1.2 ug of RNA per 25-pkl assay), addition of vaccinia virus in vitro transcripts (T, I, or II) did not result in the synthesis ofany products detectable by NaDodSO4/ polyacrylamide gel electrophoresis (Fig. 1, lanes 2-4) (28, 29) , was used to determine whether double-stranded RNA may have a role in this selective inhibition observed in the reticulocyte lysate system. HeLa mRNA function was severely inhibited (79%) when 4.5 ,g ofthe in vitro transcripts was present, and the inhibition was marked (59%) when 1.5 ,g was used (Fig. 3 ). Viral polypeptide synthesis, on the other hand, is inhibited by only 12- The autoradiograph of the products separated on 7.5-15% NaDodSO4/ polyacrylamide gel electrophoresis is shown. The 25-,ul assays were programmed with globin mRNA (Glo; 2 ,ug; lanes 5-8) or total cytoplasmic extracts of HeLa (20 ,ug; lanes 9-12), Chinese hamster ovary (CHO; 20 ,ug; lanes 13-16), or vaccinia virus-infected Chinese hamster ovary cells (VCHO; 4 Ag; lanes 17-20). Vaccinia virus in vitro transcripts (1.2 jig) were added as: total RNA synthetic products (T; lanes 6, 10, 14, 18); 8S-1OS fraction of T (I; lanes 7, 11, 15, 19), or 4S-7S fraction of T (II; lanes 8, 12, 16, 20 15% at these concentrations. This inhibition can be observed with some specific viral polypeptides as indicated in lanes 9 and 10.
The results presented here suggest that any double-stranded RNA that may be present in the in vitro transcripts is not the primary cause of this inhibition (30 (Fig. 4) We interpret these results to indicate that vaccinia virus in vitro transcripts possess a discriminatory property that distinguishes vaccinia mRNA from an uncapped viral mRNA such as that of EMCV. In order for vaccinia virus transcripts to outperform EMCV mRNA, an extraordinarily high initiation (and elongation) rate would have to be proposed for vaccinia mRNAs, which is not consistent with the low level of translation of the in vitro transcripts observed in Fig. 5 (lanes 2 and 3) . As opposed to competition based on initiation efficiency, this implies that there is some specific restriction on the translation of the mRNAs tested thus far. A further possibility is that the vaccinia transcripts have a high initiation rate but fail to elongate, thereby reducing the available protein synthesis machinery. This seems unlikely because vaccinia virus mRNA translates effectively whether or not the inhibitory transcripts are present.
Vaccinia Virus Associated RNA and Its Effect on mRNA Function in Reticulocyte Lysates. Virus-specific RNA is found associated with vaccinia virus particles (37, 38). In view of the fact that vaccinia virus particles or cores inhibit protein synthesis in reticulocyte lysates (8, 9, 12, 32, 39) , it was of interest to determine what effect virion-associated RNA would have on the translation of cellular or vaccinia mRNAs. Vaccinia virus particles (1 x 1012) were treated with Nonidet P-40 and 2-mercaptoethanol in the absence ofnucleoside triphosphates and an energy-generating system. After 30 min at 37TC, the cores were sedimented (30,000 x g) and approximately 22 gg of RNA was extracted from the supernatant, which is in agreement with the previously reported amounts of virus-associated RNA (19, 20) . Addition, to these sedimented cores, of nucleoside triphosphates and the energy-generating system resulted in the synthesis of approximately 500 pug of RNA (30-min incubation at 370C 4 ,ug; lane 10) were used to program 25-1ul assays. As indicated, 1 Ag of vaccinia virus RNA obtained from an in vitro synthesizing reaction (T; lanes 5, 8, and 11) or extracted from purified virus (E; lanes 6, 9, and 12) was added in combination with the above amounts of RNA from cytoplasmic extracts. The control lanes (1, 2, and 3) contained no exogenous RNA, 1 ,ug of T, or 1 gg of E, respectively. The products of the nuclease treated and exogenously programmed reticulocyte lysates labeled with [35S]methionine (20-,ul samples) were subjected to 7.5-15% NaDodSO4/polyacrylamide gel electrophoresis and autoradiography. Markers are as in Fig. 1 Fig. 7 . The amount of in vitro transcripts necessary to cause a 75% inhibition of HeLa protein synthesis (64 pug/ml) is indicated in Fig. 7A . The kinetics ofthe inhibition are shown in Fig. 7B ; extrapolation to zero time suggests that a lag timeforthe development ofthis inhibition is not necessary.
Concluding Remarks. This RNA inhibitor remains to be properly characterized. Thus far we have shown that the inhibitory effect is associated with early transcripts of both 8-10 S and 4-7 S. This observation suggests that the inhibitor may normally be contained within larger transcripts but still can be active in smaller or possibly degraded forms. However, complete hydrolysis under mild alkaline conditions or micrococcal nuclease treatment abrogates the inhibitory activity. Previous work has suggested that this inhibition occurs at the level of RNA, pg/ml 
